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THE MAKING OF BEET SUGAR 

SEVENTH GRADE FRANCIS W. PARKER SCHOOL 



HENRY T. MORTENSEN 
Teacher 



Experiments in the growing of sugar beets, and the manu- 
facture of sugar from them, have been carried on by the children 
of the sixth and seventh grades at intervals, through a period of 
three years. During this time the children have studied the vari- 
ous industries of the United States, and the manufacture of sugar 
was chosen as a typical industry, offering opportunities for study 
and experiment adapted to the comprehension and ability of the 
children. 

Each attempt has contributed some improvement in method, 
and the results each time have been more satisfactory than those 
of the preceding year. Though sugar has not been obtained, the 
results have been sufficiently encouraging to the class to warrant 
the continuation of the work. 

In the spring of 1904 two plots, each four by sixteen feet, were 
set aside for the growing of sugar beets. The sixth and seventh 
grades planted seeds of "Vilmorin's Imperial" variety. The 
seventh grade mixed one and one-third pounds of fertilizer with 
the soil of its plot, while the sixth grade used double that amount. 
Before the seeds were planted the classes estimated the total 
expense of planting the beets to be $34. This included the hauling 
and spreading of loam, the plowing under, the price of seed, and 
the price of the fertilizer. The seeds were planted in May, 1904. 
At the proper time the plants were thinned, and by the end of the 
school year were in condition to be left until harvesting time. 

When the school opened in October, the beets had attained a 
considerable size, but showed no signs of ripening. The approach 
of the heavy frosts of November, however, made it necessary to 
prepare for harvesting. 
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For supplementary reading the seventh grade used the follow- 
ing articles, entitled " Sugar Beets," " Maturing of the Beet," and 
"Manufacture of Sugar." These were adapted from Ham- 
burger's Beet Grower's Manual and given to the children in type- 
written form. 

SUGAR BEETS 

A good sugar beet should be regularly shaped (cone-, pear-, or olive- 
shape). Many side roots are disadvantageous, because they make cleaning 
difficult and increase waste. The side roots and poor shape of beets are often 
due to shallow plowing or a too impervious subsoil. Small beets are, as a rule, 
richer in sugar than large ones. The ideal weight is considered to be about 
one and a half to two pounds, and the beets should not be more than fourteen 
inches in length. The head should be small. 

The leaves of the plant should be thick, and those which lie flat are to be 
preferred, as protecting the beet against frost. 

It is important not only that a sugar beet should be of the proper shape 
and size, but also that it should be grown in such a manner as to secure the 
protection of the soil for all of its parts except the neck and foliage. This 
position can be secured for the beet only by growing it in a soil sufficiently 
pervious to permit the penetration of the tap root to a great depth. 

If the beet in its growth should meet a practially impervious soil at a 
depth of eight or ten inches, the tap root will be deflected from its natural 
course, lateral roots will be developed, the beet will become disfigured and 
disturbed in shape, and the upper portion of it will be pushed out of the 
ground. Experience has shown that the content of sugar in the portions of a 
beet which are pushed above the soil is very greatly diminished. 



MATURING OF THE BEET — HARVESTING 

A sure sign of the ripening of the beet is the change of the dark green 
color of the beet fields into a light yellowish-green. All of the large outside 
leaves will be found to have withered away, leaving only the " heart " with its 
yellowish-green leaves to stand. Of course, it is only by chemical analysis that 
the ripeness can be accurately established, and the beets should not be con- 
sidered fully matured until the sugar content is found to increase no more. 

It requires about four and one-half to five months after planting to procure 
ripe beets. The time of our Indian summer is the main period of the forma- 
tion of the sugar in the beet. The beet does not grow larger, but its weight 
and sugar content materially increase. Simple freezing of the beet would not 
cause any change in the sugar content, but alternate freezing and thawing 
would cause it to turn black and reduce its content. A sudden change of 
temperature unfavorably affects a slightly frozen beet. 
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After the beets have been loosened with a thin bladed plow which splits 
the earth between the rows, or a puller which loosens without removing them, 
the beets must be topped. The topper grasps the leaves in the left hand, and 
with the right removes the crown or top of the beet by one blow, cutting just 
at the base of the bottom leaf. 

It is important that the top of the beet be cut off down to the neck so as 
to include with the top all that portion of the beet to which the stems of the 
leaves have been attached. The object of removing this portion of the beet is 
to prevent the mineral salts, which have accumulated in large quantities 
therein, from entering the factory. These mineral salts exercise a very 
deleterious influence on the crystallization of sugar, and therefore should be 
removed. They are well fitted for fertilization purposes, and are of more 
value when left upon the soil than when removed to the factory. 



MANUFACTURE OF SUGAR 

Internally the beet root is built up of a large number of concentric rings, 
formed of a much larger number of small cells or cylinders, each of which is 
filled with a watery solution of several substances other than sugar. 

The first process through which the beets are put after being washed and 
weighed is that of slicing. The slicing is done by a machine which does it in 
such a way that the slices will not lie too closely together when the diffusing 
liquid is passed through. 

As explained above, the cells contain impurities. Only crystallizable 
material — i. e., the sugar in this instance — is able to pass through the cell 
walls. It is desirable, therefore, that the slicer rupture as few of the cells as 
possible, and at the same time expose as large a surface as possible, thus keep- 
ing the sugar free from impurities and making the cell membranes accessible 
to the diffusing liquid. 

By the methods formerly used the beets were ground into a fine pulp. 
Thus the cells were torn, and their entire contents, sugar as well as salts, and 
other impurities, were carried into the juice which was obtained from the pulp 
by pressing, maceration, or centrifugal force. Thus a great deal of foreign 
matter was present in the juice and made its purification very difficult. At 
present, however, what is known as the diffusion process is universally used. 
It differs from the old one in that the juice is no longer separated by pressure, 
but by diffusion. The hot water acting upon the cell membranes of the sliced 
beets allows the sugar in the cell to diffuse with the water on the outside until 
it contains the same percentage of sugar as that on the inside. 

By means of a revolving chute, the fresh beet slices, called cossettes, are 
conveyed into large, cylindrical, closed tanks or cells of a diffusion battery on 
the floor below. These cells (each holding about two to two and a half tons) 
are arranged in a circle or in straight rows, connected by piping and valves to 
facilitate filling with fresh sliced beets, and discharging the pulp or slices from 
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which the sugar has been exhausted. It is in the diffusion battery that the 
sugar held in solution in the cells of the beets is extracted. 

The operation proceeds as follows : First one cell is filled with cossettes, 
and hot water (8o° C.) is admitted until the cell is filled. Assuming now that 
the beets contain 12 per cent, of sugar, an interchange takes place, and the 
cossettes give up their sugar until only 6 per cent, remains, the other 6 per 
cent, having been taken up by the water. Meanwhile the next cell has been 
filled with cossettes, and the water containing 6 per cent of the sugar is forced 
into it, having been heated to 8o° C. in transit. In this second cell again an 
interchange takes place, but the water, containing already 6 per cent sugar, 
will extract but half the difference between the sugar in it and in the cossettes ; 
this water will now contain 9 per cent, of sugar, and is forced into the third 
cell, where it will again absorb half the difference between its own sugar and 
the cossettes. The same process is continued until the water has become suffi- 
ciently rich in sugar for evaporation. In the meantime fresh water has again 
been forced into the first cell, and passes through the number of filled cells in 
regular order. When the cossettes in the first cell have become exhausted of 
their sugar by continued passage of fresh water, the contents are discharged 
through a trap door and replaced by a fresh charge, and cell No. 1 now 
becomes the last in the series. The second cell is next to be exhausted and 
recharged in its turn, and thus every following cell continuously. 

After the juice has been taken from the diffusion battery, milk of lime is 
added, which combines with the non-saccharine substances. To remove these, 
carbonic-acid gas is passed through the juice, and the precipitate is removed 
by filtering. The juice is treated with sulphuric-acid gas, and passed on into 
evaporators, where it is boiled down to a syrup. When this stage has been 
reached, it is boiled to a grain in a vacuum pan. The large crystals are 
separated from the smaller ones and the molasses by centrifugals. These are 
then bleached, dried, and packed ready for the market. 

After reading the first article, the class examined the stand of 
beets in the garden and made written reports on its condition, of 
which the following is among the best : 

OUR BEET CROP 
HELEN CONNOR 

We found our sugar beets in fairly good condition, and pulled 
up several that had grown above the ground a great deal. These 
beets showed us that they had grown a few inches (seven or 
eight) into the soil, but had come to impervious soil, through 
which their roots could not penetrate, so they had turned to one 
side and also had forced the beet far out of the ground. 
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The part that remains above the ground has to be cut off 
before the rest of the beet can be made into sugar, because that top 
has minerals in it that would prevent the sugar from crystallizing. 
(Corrected paper.) 

No differences in the crops of the two plots due to the fertilizer 
were discovered. 

The severity of the frosts necessitated the removal of the 
beets from the ground November 15, 1904. The beets, topped, 
trimmed, and washed, weighed 160 pounds, averaging about one 
and one-half pounds each. Sample beets which were tested by 
Mr. W. W. Wolfe, chief chemist of the Rock County Sugar Co., 
showed a sugar content of about 12 per cent., which is very low. 
A good beet should contain over 20 per cent, of sugar. 

The following description of the process used by the class was 
written by one of its members : 

MAKING OF BEET SUGAR 
CLAUDINE V. STURM 

As the beets were pulled up from the garden, the tops were 
chopped off with a hatchet. It was necessary to use a hatchet, 
because none of the knives at the school were heavy enough to cut 
through the beets. After this they were brought to the laboratory, 
where we washed and weighed them. The next process was the 
shredding. This we did with a simple kind of grater. See Fig. 2. 

After the shredding we put the cossettes (shredded beets) in 
a large canvas. This canvas we folded and put into a large press, 
which squeezed all the juice out of the cossettes. Into this juice 
we put lime, which combined with the impurities, and kept the 
juice from fermenting. 

The carbon dioxide which we passed through the juice made 
all the impurities settle to the bottom of the jar. This gas we made 
by putting marble chips into a generator. On this marble we 
poured hydrochloric acid, and the gas formed passed from the 
generator through a glass tube into the jar with the juice in it. 

To get this purified juice from the jar without disturbing the 
sediment, we siphoned it from one jar to another. This juice we 
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Fig. 2. — Graters. 





Fig. 3. — Apparatus for Adding Lime, and for Carbona- 
ting and Filtering Juice. 



Fig. 4. — The Press, 




Fig. 5. — Preparing the Beets. 
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put through filter paper, which further purified it. The last pro- 
cess was the boiling down of the juice. This was done in a 
granite- ware pan, which was placed over several Bunsen burners. 
It required about fourteen or fifteen hours of boiling to reduce 
it to the stage at which crystallization should take place. (Cor- 
rected paper.) 

The product resulting from these experiments is a thick, dark- 
brown substance, which, according to sugar experts, contains a 
considerable percentage of sugar. The cause of its failure to 
crystallize is probably twofold : first, that at some time during the 
various stages it became acid ; second, that after the final boiling 
down it was allowed to cool too rapidly. 

Such apparatus as could be devised and used in the school was 
employed in the work. The shredders were such as are used in 
kitchens for shredding vegetables (see picture, Fig. 2). The 
press was designed as a book-press, but it was fairly well adapted 
for squeezing the juice from the beets. 

It was necessary to incline it so that the juice might run into 
the pan below. A press was needed to obtain the juice from the 
beets, because the diffusion process previously explained gives 
too dilute a product to be practical with the facilities for handling 
it which are available in the school. 

During the winter term the grade will attempt to obtain 
sugar from the product of the experiments, by a process suggested 
by Mr. Alfred Musy, sugar expert, of Detroit, Mich. The process 
consists of dissolving the product in water and precipitating the 
sugar by means of barium hydrate. This precipitate must be 
washed, dissolved in hot water, and carbonated. After filtration, 
it must be evaporated again, allowed to cool slowly, and very 
thoroughly washed. 

Note. — This work with beet sugar has been only a part of the science 
work of the sixth and seventh grades. For a complete outline see the 
Catalogue of the Francis W. Parker School. 
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A MORNING EXERCISE 

SUGAR-BEET MAKING 

As an outcome of the work in the making of sugar from sugar 
beets, the seventh grade gave a " Morning Exercise " to the entire 
school. While a group of children performed all the operations 
involved, except those of topping, washing, and weighing, others 
explained the processes as follows : 

WHAT I TOLD IN MORNING EXERCISES 
MARGARET BENTLEY 

I told the school that we took from the ground the beets which 
we planted last year. We chopped off most of the tap roots and 
all of the beets which had been pushed up above the ground. 
Then we washed them. When we weighed them, we found the 
total weight to be 160 pounds. 

I showed the children some of our beets, which were almost all 
short and chunky. I also compared them with two beets from a 
sugar factory. One was from French seed, and the other from 
German seed. The French beet was considered the better, because 
it was longer and thinner. (Corrected paper.) 

WHAT I TOLD IN MORNING EXERCISES 
FLORENCE WIEBOLDT 

After the beets were weighed, they were shredded. The 
shreds looked very much like cold slaw. They were wrapped in 
canvas, and the parcel was put into the press and squeezed until 
all the juice was pressed out. (Corrected paper.) 

WHAT I TOLD IN MORNING EXERCISES 
LETITIA FYFFE 

After the juice had been squeezed from the shredded beets 
and put into a jar I tested it with litmus paper and found that it 
was neither acid nor alkaline ; so I added enough lime to cause the 
liquid to turn the litmus paper blue. 

Then I used a Florence flask with a quantity of ground marble 
at the bottom of it. From the flask a bent tube reached into the 
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jar of juice. Through another tube which led into the flask I 
poured hydrochloric acid (see picture, Fig. 3). The acid, acting 
upon the marble, made carbon dioxide. The gas passed through 
the bent tube into the sugar juice, causing all the impurities to 
settle to the bottom. (Corrected paper.) 

WHAT I TOLD IN MORNING EXERCISES 
LAURA DELANO 

After the impurities had settled to the bottom of the jar, I 
siphoned off the upper part of the sugar juice and put it into the 
filter (see picture, Fig. 3). After it had all filtered through, I 
put it into a pan ready to be boiled down into sugar. (Corrected 
paper.) 



